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= (54) TiUe: SOLUTION COMPOSITIONS OF BLOCK COPOLYIMIDES COMPRISING PYROMELLITIC DIANHYDRIDE 

AND PROCESS FOR PRODUCTION THEREOF 

^ (54)aiBBa)««5: bfD>ij*:;hKy«*«l^#t;:?P»:/^7ft«^7K'J-<5 K?Sja«§fiKJKiau^*a>SJ&^l£ 

(57) Abstract: In general, polyimides prepared from PMDA and aromatic diamines are little soluble in solvents. The invention 
— aims at making such polyimides soluble in solvents and producing at least quaternary block copolymers. An oligomer soluble in 
solvents can be produced by reacting PMDA with a specific aromatic diamine at a mole ratio ranging from 1 : 1.5 to 1 : 2, and 
an at least quaternary block copolymer soluble in solvents can be produced by further adding an acid dianhydride and an aromatic 
diamine to the system. The mole ratio of PMDA to the aromatic diamine to be added together with PMDA lies between 1 : 1 .5 and 1 
: 2. Thus, many PMDA -comprising block copolymers soluble in solvents can be produced. At least quaternary block copolyimides 
comprising PMDA, BTDA and DAT can be produced by successive polymerization in the presence of a binary catalyst, which enables 
^\ the production of various polyimides from various inexpensive and easily available raw materials. Employment of direct imidation 
OO excellent in economical eflSciency enables low-cost mass production of high-performance polyimides comprising PMDA, BTDA 
and DAT, thus bringing about wide application of the polyimides. 

0(57)M3Ki: PMDAi:^#j6sie;7s>cky ?s^7Ku^ ^ Kr*. -ifti3?§!SE(ciS5§T?fe*o zH^mm-simitissit. 

O i5i;E:$1±^i:?gfflpI>Sa):l-U=rv-*^liE-rSo CHlcMlcKi;^7K1^i:3J#iSvr S >^*ax.. 4f&^lii±(D 
O jsaEpij§:fp *y ^7^M^i*3!)<^jfi"r«>o PMDA t^tlcSto-r-SJ^SfilvTS >c^^;uitl* 1 : 2-1. 51? 

1^ PMDA-BTDA-DAT^^t^u^ 5 KliiSttte) . fiflffi^stfty. iK<mmv^i>o 
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mmm 

5 

20 -So 

5f U ^ F«— IStC^^SlcH^TfeD, PMDA^MPf<h-r^5}^U>r 5 

F^^i|#fC^^(cM-r'5^^'tt*^VjN$ViC:i::d5^e.nTVi^„ «^oT. t«£5fe(D/J^U 

25 m(Dm^^i$^xi^^r^vy^y^m. i-^v-f ^}^mmm ^^^l. cn$2 5 
o~3 5 ox:iziQm:hxm7K. mmRj^iz^-ox-^^j^ 2. }^iz-r^(D:^^—^mx 

2b § ; Polyimide ; D. Wilson, H. D. Steinberger, P. M. Morgenrother ; 

Blackie (New York) 1990) o 

•^^jy2y^m\^mm^xmiz^^^x$>o. 7i^\zj:'DX?^Biz:^mt^. ^ 
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;V>i^>m^<^ffiViTl 6 0-2 0 0'C{CJnl^L.T-r 5 H^b^f-So RlS^T^, 

10 ■r)T. ^ ]^^tzmvx. ^mvnmm'r^!:it\zjz'oxmmii^^j-^ ^ \^ 
■^mm(D:^mxi:^. ^^ h>(D^m^mmiyrcm-m.mmm^m^^Xs iK7jc- 
^mw^ms 5 0 2 1 4 s^mmmizmm-^nxi^^^. r-nvn^y^ v>t. 




CH3-(pH— CH2-CH2-COO 
OH 




r 
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PCT/J 



^mm(Dho-'D(Dmm\-i. \fu:AVyhmz^m:^m. ^>vy3^y>y-h^ 

BCD>6 FDA>>BTDA>BPDA»PMDA 
(BCD : li5^i:7n (2. 2, 2) h - 7 -x>- 2 . 3, 5. 

6FDA:2, 2 - H;^ ( 3 , 4 - 5^;^7;i^7H^5^ a: -;|/) - 1 , 1, 1. 3, 

3, 3 -^^-y-:7;w:tpyDA'>-ai7KJ^, 

BTDA:3, 4, 3', 4' -^>\/7a: 7 >5=- h ^:j!7;V7}^>®?>^il7jc%, 
BPDA:3, 4. 3'. 4' - If 7 ^ -;i/-7^ h ^;^7;P:^>M>^M7K^) 

^U-f^Hd^, «%)Mmtt-eafe^„ PMDAiBTDACDm^-tifCJ:-57j^U-< $ 
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:$cm ^mm-^v-i^ hj mmtimm. nts (2002) 143- 

Pf^V<\tl 5~2 5M*%-rfe^„ 

UH>^l^ (iJAT. NMP^il^i^) cflC^jDLT. mM^<D#l£T. 17 0-1 
8 0t:XJ^. 1 7 0~1 7 S-CJCinH^bT-r ^ F;tUrfv-{c:Lfeo -r$K:t-u 

1 

^mS^, 2, 4->?T5y- 1 -^5^;U-S- hUT>^>. 4, 4* ->?T^ 
y-3. 3' z^^^)V}:iy3^-)V. 4, 4' ->?T5/-3, 3' ->?yhr|.~> 

t:73i-;K 4. 4' -i>y^/-3, 3' - i^:7 x -;1/x;1/7Jn>, 
1. 5-i^T^y:^:7:$7lJ>. 2. 4->?T5y-:7xy-;w. 4. 4' ->?t 
s.y-3, 3' ->?t Fn^v-H:7 3i-;K 3, 4' -i^r s. y a^-ji^x. 
-T-M 4, 4' ~z^T^J-s:^y3i-}VJL~9-JV..4, 4' -i>7 ^ y z;^y x. 
-)Vy^y. 4, 4 ' -5/T5y v^ai:!;!/^;!/^^ h\ 4, 4' — 
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y=¥zy) -1. 4-^>if>. 2, 2-k*7> (4- ( 4 - y :7 a: 7 :7 

x:n;i/) yDA°>. 2, 2-tfx (4- (4-r^yyx.y=^z^) y:x.-)V) - 

^4=-tl-7>>V:tnyo/\°>. 4. 4' -HX (4 -T^ 7 :7a:y v^^'oir:;!/ 
5 7>;i/3j^>. 3, 3' ->?X^;i'-4, 4' -i^r^J-Jy:su-)V:i^d^>. RZ^ 
4, 4* - [1, 4-:73i-l/>-lf7. (1 -P<^;VX5^U5='»] b*>^TrLU>o 

1 ^jPOPMD A<h 2 ^;KD^#;^>?T5 >^NMP 4". 1 5*4%^)^ -Set 
•5(cADx.. mM^OD#ftT, 17 0-17 SViz-barnVfco ^^b^7l^U-r$ H 

10 ^J^2 

2, 4-v?T$ y h;wx>, tfT.- (3-T^y :7a:y=^e/) -l, 3-^> 
if>. IfTv [(3 -T5 y ^^o^y -1, 4-:7x:::;i'] x;i/^>. 3, 3' 

-i^T^ y - v:7ac:::;i/-X;i'JjK>, 2, 2-tfX [ 3 y - 4 - ji y ^ 

s/^xn;!/] -^4^-y-:7;v::rn:/nA>. ifT. [3 y - 4 - ^'xy ^5^:7 
15 aix;i/] x;VzK>. 9. 9-b'x (4 -T5 y -:7xx;i.) :7;i/::tl^>> 3, 5 

->^T5y-^m#m. :&t/4, 4' -S^T^y-S, 3' 
(Bi) ^1. 5~2^;i/JPA, mM^<^#&Tl 6 0~1 8 orfCjgl^bT. 

25 M5i5^>?T^ >co:tu rr^— ^^iK-r^o 

PMDA + B > B (PMDA-B) „ ^}c:m= 1 XJi 2 . 

mx|^|5gSJiS:<i:bT. 'ftfi(D^>?il7jci^ (A) <fcft&<D>^T^ >B 2 

B (PMDA-B) ^+2A+B2 -B (PMDA-B) „ (A+Bg) A 

5 
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-B (PMDA-B) 3 A + B2 + B3 -* B (PMDA + B) „ (A-B2) 
(A-B3) A- 

^(Dm. ±mz^M7i^m ^^"^^Mi^T ^ >(^'e)imt 1 : i~o. 9 

m—^^\^m^^^mz^M7K^iiVX. 6FDA. BTDA. BPDA. 3, 4 

x-5";vii7Ki^, 2, 3, 6, 7 -i-y^u>v^h^:fy)i^:^>mm7K!^m^m\^^ 

u^(Dm-:^m7Km (A2) h^mmi>y^> cb^) .ii^sjfs^-ar^o A2<hB2 
<D'E)vmt2 : iT$)§o m^timmi^m7i^!^(D:tvzf^-^±^'r^o 

A2 + B2 ^ A2 (B2-A2) m m=lX«2 

AstUT, 6FDA. BTDA, BPDA. 3, 4 - i^:^ JV:^^^-^^ a^:=-J\^ 

15 x)V^>m7i^m. tfx (3, 4-e;?:^r;V3j^^S/>'3in;i/) x-T^ji/iSTKi^. 2, 

3. 6. 7 -^'7^u>^h^tijv^>mm7Kmmf}^^f3:^mt^^mu'^ti^m. 

S^M7K«^^^^-C#. B2ttM^1^5:W!l^2 ©4'j0^e>S-S<;ii::!^>^'-e#^o 

^i:ikZ:^m^2(D^7!}^BmS.^ii-^^X^^o UV. B4/PMDA(D^;l/Jt«2 
20 ~1. 5/1. OTafe^o 

A2 (B2-A2) „+PMDA+2B4 > [A2 (B2-A2) „, (PMDA — 

B4) B4] - 

A2 (B2-A2) „+2PMDA+3B4 > [A2 (B2-A2) „, (PMDA 

B4) 2B4] 

25 ±^mmmmi>m7m t±i^mMz^y ^xD^jiit \±i : . 9 5-e^^„ 

^— ©:Pg©Sl&'etl. PMDA (l^rJI/) (d^fbS^T^y h;VX> (DAT) (2 

~i. 5^;v) h^mxx'mm^z^Ts.><D:t^jzr^—^^^-t^. 

PMDA + DAT ^DAT (PMDA-DAT) „ m=lXtt2o 

6 
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DAT (PMDA-DAT) „+2BTDA+Bi >-DAT (PMDA- 

DAT) ^ (BTDA-Bi) BTDA- 

5 DAT (PMDA-DAT) ^+ 3 B T D A + B ^ + B 2 "-DAT (PM 

DA-DAT) (BTDA-Bi) (BTDA-Bg) -BTDA- 

±mi^m7Kmt±^mmi^T3>(D^)V]tin : 1 . oo~o. 95. b^. 
^(D^m.-^mii\^x\t.. ^~mm<DKm}z\^x. BTDA^DAT^^^T^ 

10 

2BTDA + DAT > (BTDA-DAT) BTDA 

'm—^mx\-i,. PMDAi:>^T5>B3^iP^T-r5 hMbM/«;C§fT^„ 

PMDAfc:^-r^>^y5>B3©^;utt:J^i : 1. 5~2. o-eab-5o 

15 BTDA (DAT-BTDA) +PMDA+2B3 >BTDA (DAT- 

BTDA) (B3-PMDA) B3- 

BTDA (DAT-BTDA+ 2 PMDA+ 3 B3) >-BTDA (DA 

T-PMDA) 2B3- 
'^m-J^yi^mii±'^^M-J73>(D^)V\t\tl : 1~0. QS-r^-So 
20 (2BTDA + DAT) OD AT(Df^ D fC^ Stl-Sil^^^Slv^T^ TIB 

M^3 

t'x C4- (3 /:7xy4^-» >'xn;i/D x;U3i^>. 

2, 2-tf7v C4- (4-T5y :7a:y^S/) :7xz:;i.3 ypA>. 

2, 2-t*7. C4- (4-T^y :7xy4^-» ^'x:!:;!/] pya 
9, 9-ifx (4-757 :7xy^-» :7;i.;e-i/>. 

7 
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1, 3-b'7. (3-TS/:7xy^-» ^>4f>. 
5 PMDA^'^t^:/D>;/i^^fi-&2}?U'1'5 K^MSitXPMDA. BTDA. DA 

xm^x$>^. ^>'/:t=¥^v-jumuytm^^M<Di^^T\zytmmi.. 
^mm^z^-Dxmmz^mvx-^-^mo^mm^w^^-r^o 

20 lS.\^\z-t)V vmzy^ y^iiy :x:.y—M^7i^m.^^-h'D'^mM-Jr^ ><hbT 

T5/^>-tf>. 3, 3' ->?t Ka^>'^>5^>?>. 3. 3' -v^tKD^e^ 
-4. 4' -S^T^y-v^y'x— ;i'X— 1, 4 -If 7. (3-t:Ko^Sx- 
4-T$ /-:7 3:y=^^-» ^>if>, 2. 2 (4 -T5 y - 3 - t: Hd4^ 
25 ->:7a:-;i/) 7°DA°>, t:X ( 3 - T 5 7 - 4 - b F D^PS/^ yn/1>, 

(3 -T^y-4-t: HP^e^-:7a:-;i/) h\ (3-T5y 

-4-t Ho^i^yx-;)/) ;^;i/5}c>. 2, 2' -tfx (3-T5y-4-tH 

8 
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^jiAfT^o ^<7):7^;i/A^ 3 0 0 — 3 5 ox:izmmm'T^t^>v^^ifv 






CO. 
/ 
N 




COOH . OH 
(1645m"Mr) (1774m'Mr) 

i}^z^mmm.(Dmm^u^L7s\z'D\,^'T(D^^ . 
I . 



CO^^.<^::i^^^CO 



CO 





COOH 

10 -fSHS 

ii:^^^'/-)]^mt.umzmi^'^ri^. 



H- 




Hd 

III. T)vti^)m.m'^iz^>v:^^'^v-}vm\'t^mi^xT}F^z^mmm^i^^ 
15 -r-So 




immm i ] 

ifn^V y hmi^myKm PMDA^l^v) 17. 45g (805 

2, 4-z^7S.y h;i/x> (^td at chi^d) 14. 66g (120$ u 
r-A^n^i^h>i. og (lo^u^;!/). tfus^>i. 6g (2 0 

5 U^;!^), N-p^5^;Hf DU K> (^^. NMP.hVid) 2 1 2 g. h;i'X>3 

0 s^3yny^::^n\zl}]i^. ^m^m\:'f3i'fy^^z^V n>mumi 8 ox:. I8 
Or. p. m. TrlBtFe^. MM. mWl^fzo 7j<- h;i'X>^53^ 2 Om 1 $|^<„ 
imm. m#bfco c>i.i'T?. 3, 4' -i^T5yi/:7aix;i/x-^;U8. 
0 1 g (4 05U^;i/) ■::pvi>e3, 4. 3'. 4' - H:7:i:X;U5^ h ^^;l/7j^>^ 
v?^7Ki^2 3. 5 4 g (8 0 5U^;W ^mX^o '3)V:v-eNMP 1 0 0 g. 
x> 1 0 g^JD^-5o ^S-T?3 O^^Fslitm^, >^J5£;^i§^5x'J n>^'l';i/?!g{-c> 

ttT> ^^^®Dfj:/?)^*e> 1 8 or> 1 8 0 r pmTjpM. mwvTco smm^m 

bT2 0«»%®#U'r 5 F^ft^#fCo 

- iMv-m^a) x^^&jkzf^^&^^^m^vrco ^vy.^u>mM^(D^^ 
m\tm^^^s. (M) 5 2. 000. ^^i^^^m (Mn) 2 3, 4 0 0 . a« 

W-i^^^mU z365, 8 0 OX^^. Mw/M n = 3 . 1 2 , M z XM n 1 5 . 

10 
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mm (DSC) (Dm^m^n-Dfco m^mmt^umT^s 2 sx:. 5%mmmm 
immm 2 ] 

PMDA5. 46g (2 5^U^;i/), 9, 9 - b'X ( 4 -T^ y :7 3i-;i.) yjU 
:tU>17. 43 g (5 0 5U^;i/). r - A* l/D ^ ^ h > 1 . Og (lO^'J^ 
t:US^>l. 6g (2 0^V^)l). NMP2 0g, h;PX > 3 0 g ^-fcfcj^ 
4io ->U 3>?!gr^^^u 8 Ot:. ISOrpm. immmrnVfco i^^Jn>m^ 

m^Rji^^m^^^. imrnm. 2, [4- i4-y^yy:t,y^^y) -p 

^^■^•y)\':^U^Uf%>\ 2. 9 7 g (2 5$ U^;H. 2, 2-fc*X [4 
- (3-T5/-4-t FD:^~>:7a:-;P)] ^^+i-r7;|/:t D ^ n A > 9 . 1 1 g 
(2 5 5U^;i-) ^JOX.. ■3V^T2, 2-HX (3, 4 A^=¥->y 
1. 1. 1, 3, 3, 3 -^^•t?->';i/:^Dyn/^>-il7K#;3 3 . 3 2 g (7 5 

NMPioog. h;vx>i 0 g^in^;g)o ->u n>:t-r;i'A*xT»D 

M9 2. 7 0 0,Mn 3 2, 8 0 0 . Mw 1 0 1 , 8 0 0,Mz 2 0 7, 9 0 0 
Mw/Mn=3. 15, Mz/Mn = 6. 4 4Trfeofeo 

m^m^n^r^o t„ 5i8t:Tr^D> 5%mS(^)S^js4 5 9t:> Dsc^c 

«J; ^ T g ^JI^HJT* :feo 

i T7.^i7hJV<Dmim\Z^r) (^^ F^^fcJ^^M) 1 7 8 0^_i, (^ 
jmomm 1 7 2 0^_,. (:;f^+)-\/-;«CDM) 1 6 4 5„_2Ma6e>n-g,„ 
[^SSM 3 ] 

PMDA8. 73g (405U^;V). DAT9. 78g (80$U^;H. r- 

Ai/D-^^h>i. Og (i05Ut;H, tfu>^>i. 6g (2 0^ut;w). 

NMP148g, h;i-X>3 0 g^ttji$r„ 

11 
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ISO-C. 1 6 0 r pmTl^rBlSiiS:^. SJES^^&^^^f 5, 1 B^^m. 
3. 3 ' -i^^-5^;i.^>^5^>8. 5 0 g (4 05Ut;i/). OViTS, 4, 3', 
4' -H:7 3i-;i,^ h^;^;i.:j}?>^S;?M7jcti2 3. 0 g (8 O^Ut;i/) $J0^, 
NMPlOOg. h;i/X>l 0 g^jDAfeo 

4 S^rsl^Mf^Tl 6 0 r pinTm#^. U zi >?gfc'3ttT 1 8 0 t:. 16 

G p c ^rJ^-^M^aij^^ff o ;^Co 
M 45. 100.Mn22, 6 0 0 . Mw 5 5 , 800.Mzl04, 300 
Mw/Mn = 2. 4 7 Mz/Mw=4. 6 2"eabofeo 

PMDA5. 46g (2 5^U^;i/) 1, 3- i\£x-y 5. / y x. y ^> 
-fef>l 4. 6 0 g (5 O^U^;i/)> r-AWo^i7 h>l. 0 g (1 o$u^;i/). 
trij>^>l. 6 g (2 0 5 U NMPlSOg. h;i'X>3 0 g€rtt32.tyo 

180 1:. I60r pm"z?i^^sj;&b. ^j^;:^^ 1 ^r^l. ^}^^. 

3. 4' >':7 3i-;i/X— •7^;i.5. Dig (2 5^U^;i/) 4, 4' - 

v'TS y S:^:7a:x;l^X— 5. Olg (255 U =EJi^) OVi-e3, 4, 3 ', 4 ' 
- t':7xx;i/5^ h^;^7;l/jH>^$^^j|7K#l2 2. 7 0 g (7 5$U^;i/) NMPl 
2 9 g. h;i/X>l 0 g&jD;l7t, 3 5 ^r^^^^bT 1 7 5 "C, 165r 

^;tfeo GPC{cJ;^:J)-Ta®2g'JJt^ffofco 

M 4 2, 0 0 0. Mn 1 5, 7 0 0, Mw 3 3, 5 0 0. Mz 46, 
4 0 0, Mw/Mn=2. 14. Mz/Mn = 2. 96-eab-:);^o 
^.^^^fs-otzo m'^mWi^^m. Tm=5 3 4'C. 5 %M*<5Dig^ 5 4 4 

12 
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DSC<Dmmz^^:ff^7.'^&Um. Tg = 2 19"C, S:rX3 18*C mWi) T 

$> -O fee 

Lmmm 5 ] 

5 PMDA5. 46g (2 55U^;0. 9, (4 7 :7:n-;^), 

y)l^U> 17. 43g (505 U r-/tl/D^^7h>i. Og (105 

U^;l/)> t:Ui^>l. 6g (2 0 5 U -^Vi-CNMP 1 5 0 g, hJUx>3 

og^a:i2,tfo i^^aTiB^r^m^b. ^m^^v:^^^^^. Dum. ^wvtzo is 

Ot:, 165 rpm, immK^^Wis 1 ^fem, 4. 4' - >?;>t 

10 >5^>^>5. 3 1g (2 5 5U*;i/), 3, 4, 3', 4' -iiy a^=z)Vy^ h ^ tl 
jVyi^>mi^M7Km 14. 72g (505 V=EJl). NMP 7 8 g, h;VX> 1 0 g 

^^ThtSo o^mmw-r^o i^mm-^^^^o^-vi 8ox:<D:^^j]^Ay.\z 
1 o^mrDn^t^^mm-r^o so^^mmw^. irsr. leorpm-es 
mm 1 5 ^mMmmwvtco 

M64, 300.Mn27, 200. Mw 68, 300. Mzl20, 900. 
Mw/'Mn=2. 5 1. M z /M n = 4 . 4 6'V$)'Drco 
20 ^^W^ffoTto m:fe^#PI§$^ra^T„ 5 Sir. 5 %M«®^a^^^5 3 Tt: 
TabO. D s CfCcfc-ST g©S'J^«iE?fii;i{ii/5s#e>n/fej{>^-:3;^Co 
[^MM 6 ] 

PMDA5. 4 6g (2 5 5U^;V). If 7. [4- ( 3 - 7 5 / 37 :c 7 4^ i» :7 :i: 

25 x;u] x;^7^^>2 i. 6 3 g (505 Ut;i'). r-zti/n^^j^ h>i. 0 g (1 

0 5 U^;!/). tfUi?>l. 6g (205 U^;)/) NMP 1 5 0 g. h;i/X>3 0 

s^ttj2,t^o m^ximmmwWi. isor. 1 e 0 r pmximmKmvr:io 

imm^^^m. 3, 4, 3', 4' -^>y'7a:y >5"h^;^j;UAl^>mi/as7K'4^1 
6. 1 2 g (5 0 5'J^;i/). 2, 2-b'X [4- (3-T5y-4-b Hp^-> 

13 
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:7x:^;i/)] •^^ij-:7;i/:tp:/D/x> 9. i6g (2 5 5U^:;i/). nmp6 8 

h;Ux>l 0 g^j!jnx.T. 3 O^Fs^^^-Zrif^bfCo oi/i-ri 7 or. 16 
5 r pmT3S#FpTl S^fBljOn^. 1 9 U ^ H^?-^^ A;^, 

"5 -r Vi^^ o 5^ :7 ^ ;i^A }c 7^ -5 o 

5 GP CtCcfc^^a-^a^^il^ : M99. 900. Mn20, 500. Mw 2 2 
3, 900.MZ703, 500. Mw/M n = 10. 91. Mz /M n = 3 4 . 

2 gTabofeo 

^:5i'W^fTtD;5:o Tm=5 3 1'C. 5 %MfiNFCDia^« 4 3 

O-CT^-rp;^. DSC^iiJJ£b. :^/^7.^^M^2 29 "C. 275'-36 Ot^T 

10 afeofeo 

[lIMM 7 ] 

3, 4, 3'. 4* -li>'x-;i.7^H-7;^j;i/2t^>m>*^7K#ll 4. 72g(50^ 
V'EJP), z^rs./ h;l/X>3. 0 5 g (2 5 5 U^;i/)> r-A*I/P^i^ N>1. ' 
15 Og (105U^;i^)> t!U>^>l. 6g (205'J^;i/), NMPlOOg. h 
;l/X> 3 0 g ^ttiAt^o 1 mmmWWis is or. 170rp 

mimm-bammwvrco imm^^m:. 3, 4' -v'Tsy >^:7 3i-;i.x-t-;u 
5. 0 1 g (2 5$>j^;u). ifx [3-T5/-4-t KD:^>'>'ai-;u] 

/j^>7. 0 1 g (2 5 5 U^;U). PMDA5. 46g(255 U ^jtJD^O 
20 ViT?NMP 3 4 g. h;Px> 1 0 g ^5P^-g)„ 3 0 53^^^?^^^*^^^. ISOt:. 
1 7 0 r pm-e2BtPBliD^ii#bT, 2 0 U -f 5 H^?^^ ;^feo 

GPCiZ^O^^m^mmVfCo MS 5, 8 0 0.Mn 2 3, 2 0 0 . Mw 7 
1, 200. Mz282, 300 
25 Mw/Mn = 3. 0 7 Mz/'Mn=12. 19 

Bi^m^n-Dfco m^mM.m t^=4 2 i'c<hT„=5 e srfcicto 
5 %mmm4 0 3'CT^ofe, 

DSC^rSiJ^Lfeo :^f^7.fe'f4r^^ Tg= 2 7 8t: 

i rT.^^ hJl^omi^-Cl 7 8 0 ^_ j «5 K^^). 1 7 2 0 (COODS^JR). 
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-f^K-^asg) izytmm^M (2, 3, 4-h^j}^}^u^z^^>^/yaiy>h 

1, 2 -i-y h^^y >- 2 -i^7i>}i- 5 -7.}l:^>mcOJlXy^JU) 0. 6g^ 
Bt^TiO^T, i^—tS:mmzl.rzo ^(Dmm^m^S cm(DiyVn>ryx.;\ — (D 
mmiZ7.\f>n~hmX'm^l^r^. 5# (#ih) -2 0# (2 O O r. p.m.) 
- 5# - 30#(1700r. p.m.) - 5 #^?jh©^#TX tf >r3 — 

hVXi^ffl^X hA^-> (10. 15. 2 0> — 1 0 0 2.^a» (D 

X;W-7i^-;i.25:lX^'r >T> FX^-X/^^J^-^SM^. 2 Kw^i^JE7J<^«■MS# 
^« (^r-^^iSf^H/f^Si : JP 2 0 0 G) ^fflViT. 6 tl-SK^i-lrfli 

(-<) 4 4 Om J/cm^flglsl-Lfem, m^m^. NMP40g, T S. y JL^ y 

0 g. 7jc4 0 g®^-^^^ Ao^<hU3o) 3 sr. 7 

bfc^. JB2-1'::*->7XT7KtJfeb, /T^iJ^^^^ggpfT 9 0'C-e3 0 ^^H. 1 8 OX:x 

(n) 4 0 Om J/cm^TMI^Ibfe^. M^fli^5%TMAH (7^h^^5^;|^ 
QCC. 3 0^Fb1> 3iV:k-t?l 8 or, 30^FBm^bT. 105ii7D>0D^ 

[^SS^d 9 ] 

^»J8 ilfiafC^f^LT, Tj^S^M^^J^^iKbfeo 
^M^je F-fbbfe^^^ (2 0afi%) 2 0g^<tl9. ^infcT-y — 

;i'2g^JP;lT. 1 ^i7n>(D$ffl?L©^3§|iT53ibfeo iintCT^m^^^J ( 2 . 
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3, 4- hU k Fn:^v^>V^:7xy >i: 1. 2-±yh^J>-2-i^ri^\^ 
-5-X)l'-^>m(DJL7.y^Jl) 0. 2 g^Bf^-eiDx.. i^—mtVfz. U n > 

(-r) 3 5 Om J/'cm2T5feflSI>fUfe^. A o^^tftd 1 0 ^rsmmb, 7ic^Jfe^, 
got:. 3 04^-^1. ISOt:. 3 O^^P^m^^bfco 3. 5 6 $ ^ n>©MiP7?afe 

(D) 3 5 OmJ ycm^^mmvrc'^. 5 %TMAH^{C1 5#M^Lfc^. 
got:. 3 0:«-. OViTl 8 ox:. 3 0:«'PBmi^bT3. 575.^a>(Dm^m 

[^JSM 1 0 ] 

OXMA) ^NMP^ffiVi + Tl 5a«%tc^f5bfco C:c[)M2 0gfC. 2,3, 
4 - h U t FO^^S^^>y:7 j:/ >© 1, 2-^:7h^y>-2 ->5T5 H - 5 

-7.;^3^^>mx7>7^;^o. 6 ^jp;iT^#FLfe. ^i^^s^i^u a>r>xA- (5 

cm^) _h{CXt:>3-hb/co Cy^ tf>ii- h©^# : 5# (^ih) -2 0# 
(200r. p. m.) - 5# (^ih) - 30|3>(3000r. p. m.)-5# 

(-f) 5 0 Om J/cm2©^fl^|tbfem. figltli^ A o ^tCl ^^Fb1S« O 
V^TtK^. C)ViT9 0t:. 3 0:«^fp1, 18 0TC. 3:53^Pp1Jo^L;^o ^lOM^^lO 

(D) 5 0 Om J/cm2<D^fl§lhtb;'S:^. 5%. TM AH?^{c: 3 ^J^Fml^m bfeo 
7mWi. 9 ox:. 3 Oie-FBl25:rXl 8 or. 3 0 :$i-^1in^|^iSLfe 1 0 $ D >® 

:^y=->U7s::^5'-jm<D^mt^Wm^ii^-::>nr:i:ff^y(.m(D±/^^:/)i.3-z>a 

tfnp< U hi!5:^iE7j<:i^ (£ATPMDAi:(.i5) 10. 9 1 g ( 5 0 ^ U 
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2, 4->5T$y h';Vx> 9. 1 7 g ( 2 5 5 U r 

-Al/n-^i^ h>l. og (10$u^;i'). b°U>^>l. 6g (2 0 5U^;i/). 
N-p<5^;i/b°DU F> (I^A^NMPchVi^) lOOg. h;i/X> 3 0 g ^ttaitTo 
^^fiTlB^r^l 6 0 r.p.mT^m^^. 18 0t:. 1 5 6 r . p .mT 1 ^^3jPM, 
m#t-^o N;Ux>-7jcl 5m 1 $^<„ l^r^l^?^. 3, 4, 3' , 

4' -^>y':7a:y >-T'h'^;^7;i^>i^>mi>M7K% (i^J^f^BTDA tV^^) 16. 
12g. 3, 3' -v'p<5^;i.^>5^>?>5. 3 1 g (2 5 $ U^:;i/) ^»DbH 

jcNMPQOg, h;ux> 1 0 g^jp;^ 3 ora-pBl^iairm^u^t^. ISCC, 

15 6 r .p.m-r 2BfK3 OrJ^-raM. m^-T^o 2 0 fiS% CDt}? U 5 Y^mm. 

>}?UX5^l/>M^©^T»«. (M) 3 4. 2 0 0, m^i^^'i^m 

(Mn) 1 5. 8 0 0. mm^i^^TM (Mw) 5 7. 0 0 0, Z^i^^'l^M (M 
z) 2 5 9. 0 0 0, Mw/Mn = 3. 6 0, Mz/Mn=l 6. 3 8T?ifeofeo 
ar^®f^R>f^^^^^gTGA-5 O^a^^H^SI^gfh (DSC) iZ^^^m 
^^f^frofe, ^:a'^FJ$&mfgT„«5 0 9'C7?^o;^o D S C tciS^^^T;^ 

E^M^il 1 2 ] 

PMDA5. 40g (2 5$U^;U), DAT 6. llg (5 0$UqB;i/), r 

-Aun^^ h>i. 0 g (1. 0 5U^;W, t'U>^>i. 6 g (2 0 5 U^;!^), 
NMPioog, h;i'X>3 0 g^HM^dl (hlwia^c, :^^xig3-::»p:7^;:?.n 

imm^mx-l 6 0 r.p.m-em#^, i^Vu>:t'iJVmiZ-onTl 8 Or, 

16 0 r.p.m-riBtrfljnfi, mnvfc. ^n^vr. i 5 o r .p.mtcjt^^^-r-s.. 
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#1!3. 8 1 g (2 5S U^;P). }dX C4- ( 3 -T^ / :7a:n;i.] 
7.;i/4^>10. 8 2g (2 5SU^:;i/) ®!i?i^5fe^iP^, ■OViTBTDA2 4. 1 
7g (7 5$U^;i/) ^m^^o NMPlSOg^ h;i/X> 1 0 g^iP^-&o ^ 
mTl 6 0 r .v.miZimm^Wm:! 8 Ot:. 16 0 r .p.mT 4 B#^^JP^. 

GP CfCcfc^X5^1/>a#CD:b^^«<&SiJ^brc, M48. 400. Mn20. 

0 0 0,Mw9 9. 6 0 0.Mz 3 1 0. 7 0 0,Mw/Mn = 4. 97. Mz 
/Mn= 1 5 . 5 1 -(^^'Dtz.o 

10- $)ofeo 

D S C(::cfc^:^^7,fei4ia^Tg«^Hj$t-e£bofeo 

[i^iS^jis] 

PMDAIO. 91g (505U^;i/). DAT9. 17g (755U^;i'). 

15 r-Ai/n^^ h>i. 0 g (1 o$u^;i/). tfu v>i. 6 g (2 o^u^e;!/) 

^iPViTNMP 1 0 0 g> h;i'X>3 0 g^ttj^tfc ^^MTlPtPB^l 5 0 r.p.m 
^#^16 5*0. 1 8 0 r .p.m-ri B^^liP^. ^i^UTto h;i'X>-7K 2 0 m 

1 *i^<^?^^3 0:«-K 1 5 0 r .p.m^7?^#b. 3. 4 ' - S y :7 oin 

;U3:-7";V5- oig (2 5 5Ut;i/). 2. 2-ifx C4 - (4-T^y:7aiy 

20 — :/aA°>. 10. 2 7g (2 5 5U^;i/) ^JO;^. -IIPI/^TBT 

DA24. 17g (7 5 5U^;i/). NMP 1 2 4 g. h;i/X>l 0 g^iU^^. 
^UTS O^mmWl^. 16 St:, 1 8 0 r.p.mS^rBlJPl^. m#b7to 2 0 

GP C fCci;oT^T»^S"J^b;^o M52. 000. Mn22. 000. Mw 
25 81. 2O0.Mz211. 000. Mw/'Mn=3. 6 9. M z /M n = 9 . 
5 7o 

D S Cic:<fc'5;?;^XfejiMST g«3 0 2'CT$>ofec 
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[^ifi^ji4] 

BTDA3 2. 23g (1005 U DAT 6. 1 1 g (50 5 U^;i/). 

Aua^i7h>i. 5g (i55U^;i'), HU>^>3. 2g (3 0 5Ut;i/). 

5 NMPi40g. hjij:>3 0 g^m^. ^m.'cimmmwWi. isccieo 

r .p.m-eiBt^lJD^. mWVfZo 3 0 ^mmWi^X. DAT 6. llg 

(5 0 5'j^;i/). 3. 4' -z^y^js^y3i-jv:j:-^jiio. oig (505 

VEJV) ^iUA. -IPVi-TTPMDAl 0 . 9 1 g (5 0 5 U'EJV). NMP 1 5 0 g. 
h;i/X>l 0 g^Jn;l7fcc ^MTINfFbI^^U:^^. 180 1:. leOr.p.m 

10 X'lmms o^mm. mwvrco 

GP ClZ^^^^M'Simi^Vrzo M3 2 . 0 0 0,Mnl 3. 8 0 0 . Mw 8 
6. 400. M257. 800. Mw//Mn = 6. 2 7. Mz/Mn = 4 1. 9 

15 A ^ 3 rHm±®lJPl^)0^^i^''MT ^ » 

immm i 5 ] 

mffi^ji 1 hmmzmi^vx. 2 oafi%0Dyn-/i7#u-r 5 K^^^#fe„ 
BTDAI6. i2g (505 u^;w)> h;^ C4- (3 - T5 y >'aiy^=^5/) 

-7:^-^ X;P3}^>1 0. 8 2 g (2 5 5 U^;V). /tl/D^^ h>l . 0 g (1 

20 0 5 U^;i/). trus;'^!. 6g (2 0 5 U^;i/)> NMPioog. h;i/x>3 

0 g^tirji^. ^^a-e3 0:5)-Wl 5 0 r .p.mTm^-r^o OV^-zrl 7 St:. 1 
6 0 r .p.m-e 1 BtrBlJD^. m#T^„ 3^?^^ 3 0:$^Km*=^bT. 1 3 0 r.p. 
mtd^^bT'cCi^^^S. DAT 9. 17g ( 7 5 5 U OV^TPMO A 1 0 . 9 

Ig (5 05 Ut;i/) ^jJDx.. NMP 7 4 g. h;i'X> 1 0 g ^-Jjp^fco 1 Ptrel 
25 ^tSfClT^WiLfc^. ISOt:. 1 5 5 r.p.mT2B#Pp13 Or^j^r^liDift. MJ^b 

GPC(Cj:'5^i'^a(DSiJ^fCj;:§>t. M3 9. 300. Mnl8. 700. M 
w86. 2 0 0. Mz352. 000. Mw/Mn = 4. 6 2. Mz/Mn = l 
9. ITfe-So 

19 



wo 2004/035689 PCI/JP2003/002343 



mmm i e ] 
. mmmi i tmm\zmi^vrco 

5 BTDA16. 12g(5 0 5 U^;!/). 2, 2-t'7. C4 - (4-T$y>'ai 
:7 a: ynA-> lO. 27g (25$ V^JV). nVWy^ h > 1 . 
Og (105'J^;i/). b'U>^>l- 6g (2 0$U^;i'), NMPlOOg. h 
3 0 g^ttjX^. 1B#Ph1 1 5 5 r .p.m-Tr^M{c:«*5^. ^^T^o Oli-T 
1 7 snc. 15 5 r.p.mT IBtr^Jnl^. ^Mt'T 3 Qt^WimW-T^. 

10 (1 2 0 r.p.m) b;^7&^e)DAT 3. 0 6 g (2 5 5 U^;V). 3, 4' - 

/S^:7a:-;i/X— 5=-;i'5 . Dig (2 5$U^;i/) ^iP^. OVi-TPMD 
AS. 46g (255 Ut;W. NMP 1 1 5 g. h;UX>l 0 g^^JO;!^, 
T3 0r$!>rBim*^^ ^jPFbfe^. 1 7 S-C. 1 5 5 r.p.m■r4fltFB1^^^l^^ 

fee ei<o#u-<5 H^i^tt. 1 7aa%T$>^o z.(D—n^t.r>. is=y7.u±.\c 

GP C(Cj;^4i-T*^aiJ^. M4 5 . lOO.MnlQ. 1 0 0 , Mw 1 2 8 . 
100.Mz579. 0 0 0>Mw/Mn = 6. 7 0 , M z /M n = 3 0 . 3o 
DSC^CJ;^:^f^X^M^Tgja2 2 3'CTabofc, 

PMDA (i^;v) lei^-sfficDS^y^ > (2~i. 5^;i^) ■rsj5£;^-&'2) 
5 H'T?;^<^>y:f^l^-y-;v«i:3}?U'i'5 \^m^i^f=f"H\z^':>m^W(i%^o 
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1. (a) }^n^\jy hMi^MyKm U=E)V) :SlU, s^ts y h;Px> ( i . 5 
(b) ^^bTK^^-^t^Mit^^. 

10 >&^S75:^. :7^;V'A. ^7^144? u -r 5 h\ :7^;i/Amji^«7— t., :7:t M/>^x 

T5> (1~1. 5t;i/) ®SJ^rN^^i^*T?SSM*^ms^^7jci^(D:tU rfV— fc. 

hm>^Si7jc'tiai5^#i^S^7'5 >(D^;i/Jt«l : 1. 5^2X$)^. ^mt^MyK 
!^ii:^i^mMz^y^><D=EJVtt\tl : 1^~ 0 . 9 5^^^. J^Xf 
(b) mb7jc^^-^tJ@tt^^. 

3. (a) tfaptij y hms^^TKi^ (l^;i/) >?T5 / h;Px> ( l . 5 

JieiT> il:M>^SS7Ktli:^5f#i^>'T5>®^;Httt 1 : 1~0. QST^-S. 
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(b) ^^tym^^tsmmmm. 

5 

izTKM^ty^ ym^^^-r^^mmz^^y^y (i~i. 5^;p) ©SiS^Bfeti 

1. 5 — 2-^^0. ±Mz^M7K!^^i±'^Wmi^TS.>(D^J\^it\-il : 1~0. 9 

(b) mitTKm^^tsm^mm. 

20 ?^®m3t^*tC:feViT, 

(a) tfD><U y hm5^M7K#l il'EJV) RZS. v?T5/h;i'X> (1. 5~ 

2^)V) t^mit7m^^t^m^mm^T!. le 0-2 cot:. mmm(D^^T 

(b) Kjits^^mizi^u^v y hmi^m7m&.n(Dmz^M7m^^mmi^7^ 
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1. (3-T$y :7xy^5/:7x:::;i/) ^>if>, [4- (3-T 

$/:7xy^v) :7x-;v] x;^IJ^>^ 9, 9-b'7> (4 y :7xn;i/) :7 
jv^uy. 3, 5->?T^y^msM. 3, 4' -5^7$ y i^7x-;i/x— 

t'X (3-T5y-4-b Hn:^->:7 3:r:;i/) X)V:^>. 2, 2-\iX [(3-T 

10 > (i~i. 5^;i/) t^j^'fb7K^<^^tr^tt^«i4'T?. 1 6 0 - 2 0 or. ®! 

Mlg®#1iTT'S^^-ti-. M5i5^m-^M7jc#/(D::t-U ::T^-t-r^m—^m. 

1 6 0-2 0 o'ctcjnl^-r^B— ^pg. ceil?, tra^ u hmi^^HTKi^t^S 

15 tlt^^§i^-^T5>(Z)^:;H:bfil : 1~0. 9 5X'$>^. 

«i om»%JK^±. $f^u<«i 5~2 5 a« % Tab -5 5 x« 7 vi-rn^&i 

=:^^^M^T^ ^if 5 X« 7 Vi^nj^^lBftgO^it^^fe, 

10. HfrlBtrn^U hMv^^^zKtJm^mv'ilTKtl^^ 3. 4. 3' 4' - 
\fy x.:z.)l^T- h^:^)l^>m~yM7i<.m. 3, 4, 3' 4' -^>'/y :c J >9- h 

^;^7;i/7i^>i?-:^M7K%. 2, 2-t'7, (3. 4 ->?;t»;!/7t^=^^->7xx;u) -i, 
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1. 1, 3. 3. 3--^4^+l-:7;^:tD>^^/^•>-^7K#I> 3. 4-z^:^jl^^zy 

m. 2, 3, 6, 7 -i-y^u>y-h^:^ji'^>mi:^m7mx-$>^m7Rm5?^m 

(a) iiu^\j y hm-yM7K<^ (i^;p) v=7'^yh;i'X> (i. 5~ 
2^;v) ^^^^'fbTK^^^Mttigi^cfiT. 160 — 200 1:, mmm(D^^T 

mmtr^ym^^m-r^^mmi^T^yii^mtuL. i e o~2 o ot:^c^DM 

1 : 1~0. 9 57?^^. 

7i<immiiT^ ym^^^-r^'^m-mi^Ts.> (i~i. 5^;w) ^^^-fbTK*^ 

^t^m^mm^x. i e 0-2 o cc. ^»jS©#ftT-eSi;&$i±. ^^i^^^s^ 

1 6 0-2 0 0'C^cS^fi•r§^n^fe^ C^-e. tf U «;/ h^>?4ffi7fc«^i:^;i, 
h^fCTKM^chT^ y S^^Wr^^#:!^>>^T a >cD^;i/ It «i : 1. 5-2T 

$>^. ±^^^y^h^ti)\y^>m-:>m7mh±^mmi^7^>(D^jiitm 1 

~0 . 9 5Xh^. 

13. HulB:^;!/ N'fe{C7KMS<hT^ yS^^T-S^^^^i^i^r^ >;0n 3, 3' 
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-i^t Hn:^5/^>5^i?>. 3. 3' ->?t: Kp^>--4, 4' --JT^y^^y 
ain;i/X— i, 4-b'7> ( 3 - k H d:^5^- 4 y iJai:::;^) ^>if 
2, [3-T^/-4-t Ko:t4->':7 3:-;i/] yD/\°>. tfT. (3 

-T^/-4-b Kn:^s^:7x-;i/) ;^;1'7Jn>. 2, 4 ->?T^ y :7x y — 
2. 5-v?T$y :7 3iy-;i/:Rrj?2, 2-hx [4- (3-T5y-4-tKD 

14. (a) fcTDp^Uy hi?i^^7K#/ <i:>?7'$y h;i/X> (1. 5- 

ti> 1:1. oo~o. es-e^-s. 'rxs 

(b) ^'ft:7jc^^^M#^^, 

)VJL> (i~i. 5t;i/) t<DKm^^mx^^mmi^mz^M7i^m(D:tu 
(Dyuy^^m^yf^v-f^}^. ^z.x\ ^da^v y hMi^mym^'^wmi^y^ 

XD^JVttUl : 1. 5~2-Z?^0, ±mi^m7m ^^^^Mi^T 2. > (D^Jlit 
it. 1 : 1. 0 0~0. 9 5X^^. :SlZS 

(b) m^tyKm^^tsmfmm. 

tin^ U hm5^^7j<tJ (.1=E)V) h-JT^ y V)Vx.> (1. 5~2t;i/) 

m^^T^M'^'^tsm^w^^. i6o~2oot:. mmmo^^Tiz.K^-^'^. m 
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m7Kmt±j^Wmi>7^>(D^JVit},t. l : l. 0 0~0. 9 5X'$)^. 

(b) KJt^^^^izifu^^j^y hmz^m7Kmi^zs^wmi^y^>^miBVxi e 

0'-2 0 o*C(cjpfibTSiS$-B:. ^:^:l:r. }fu?t.Vyhm.z^m7i<mt'^mm>^ 
mi^r^XD^JVitli^l : 1. 0~0. QSTr&'S. 

18. MfB>^T5y h;i/X>{Cf^;lT. IfX C4- ( 3 7 :7 a: y ^v-) 

1, (3-T$y:7aiy^'» ^>if>. 9, 9 - tiX u-7^yy 

yjl:tU>. 3. 5->^T5y^m#i^. 3. 4' -S^T5y>?:7a: 

-;i'X-5^;w, 2. 2-b*x C3-T5y-4->'3iy4^5>>'a:-;w3 ^^-t^-:? 

19. tut25^T5 y h;i^x>fcf^A.T^ 4,4' - v'T^ y >'-7xx;i.:;?.;i/7^ 

h% 2,2-t'7. C4- (4-T^y:7a:y^-» :73i:=:;i'D 2,2- 

bix C4- (4-T$y ^xy^s/) :7a:x;i/] ^4^it7;i/:to:/aA'>, tix 
C4- (3 -7$ y :7 3:y ^s/) y3i-)i:\ y.jiTis>^ tiT. C4- (4-T5y 
:7xy4^s/) :7xx;uj xjv:^>. i. 3-t'7. ( 3 -t^ y :7xy ^s^) ^> 

-ii>. 9. 9-HX (4-T5y:7xy^'» :7;P::ri/.>. 3. 5-S?T^y^ 
mSi^. 3, 4' -i^7 5.yi^yx.=L)UJ:~^JV. 2. 2-'ifX C3-T$y- 

4 -:7a:y jcx;i/) ^^^v-yjv^u-ya/'^yRn^ix is -rs. y - 4- 
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